By determining the quark momentum fractions of the octet baryons from N f = 2 + 1 lattice simulations, we are able to predict the degree of charge symmetry violation in the parton distribution functions of the nucleon. This is of importance, not only as a probe of our understanding of the non-perturbative structure of the proton but also because such a violation constrains the accuracy of global fits to parton distribution functions and hence the accuracy with which, for example, cross sections at the LHC can be predicted. A violation of charge symmetry may also be critical in cases where symmetries are used to guide the search for physics beyond the Standard Model.
Charge symmetry is related to the invariance of the QCD Hamiltonian under rotations about the 2-axis in isospace, turning u quarks to d and protons to neutrons. Extensive studies in nuclear systems have shown that it is an excellent symmetry [1] , typically accurate to a fraction of a percent (e.g. m n − m p ∼ 0.1%). At the quark level it is, of course, very badly broken but this is hidden by dynamical chiral symmetry breaking. There has been extensive theoretical work on the effect of the u − d mass difference on parton distribution functions (PDFs), where charge symmetry (CS) implies [2, 3] :
Within the MIT bag model, Sather [4] and Rodionov et al. [5] found that charge symmetry violation (CSV) in the singly represented valence sector, δd(x) ≡ d p (x) − u n (x), could be as large as 5% in the intermediate to large range of Bjorken x. Furthermore, these authors also found that δu(x) ≡ u p (x) − d n (x) was similar in magnitude but of opposite sign.
Only recently has a global analysis of PDFs allowed for CSV, with Martin et al. [6] finding a best fit that is remarkably close to the predictions of Ref. [5] for both the magnitude and shape of δd(x) and δu(x). Unfortunately, the errors on their result are currently too large to be of phenomenological use but at the larger end CSV could lead to considerable uncertainties in the predictions for some processes of interest at the LHC. The need for urgency in obtaining better constraints on CSV in PDFs has recently become apparent in connection with the search for physics beyond the Standard Model using neutrino deep-inelastic scattering. Indeed, the level of CSV predicted in Refs. [4, 5] would reduce the 3σ discrepancy with the Standard Model reported by the NuTeV collaboration [7] by at least one standard deviation [8, 9] . It was argued by Londergan and Thomas that for the second moments, which are relevant to the NuTeV measurement, namely xδd − (x) and xδu − (x) (where the superscript minus indicates a C-odd or valence distribution function), the results had very little model dependence [10] . Further, future planned new-physics searches will benefit from improved constraints on CSV, such as the parity-violating deep inelastic scattering program at Jefferson Lab [11] .
In this Letter we report the first lattice QCD determination of the CSV arising from the u − d mass difference. Our results are deduced by studying the second moments of the parton distribution functions as we vary the light (degenerate u, d) and strange quark masses in a N f = 2 + 1 lattice simulation. The sign and magnitude of the effect which we find are consistent both with the estimates based on the MIT bag model [10] and with the best fit global determination of Ref. [6] . However, the uncertainties in this work are considerably smaller than those derived from the global analysis.
Because of valence quark normalisation, the first moments of δu − (x) and δd − (x) must vanish. Hence the second moment (which we label δq − ) is the first place where CSV can be visible in the valence quark distributions,
0.12083 0.12104 460 (17) 401 (15) [12] , where the error on the lattice spacing has been included in the errors for mπ and mK . The last four columns contain our results for ratios of the hyperon quark momentum fractions.
As detailed below, these CSV momentum fractions are related to the hyperon moments by
in the limit where the strange and light quarks have almost equal mass.
In the numerical calculation of these moments, our gauge field configurations have been generated with N f = 2 + 1 flavours of dynamical fermions, using the Symanzik improved gluon action and nonperturbatively O(a) improved Wilson fermions [13] . The quark masses are chosen by first finding the SU(3) flavour -symmetric point where flavour singlet quantities take on their physical values and then varying the individual quark masses while keeping the singlet quark mass m q = (m u +m d +m s )/3 = (2m l + m s )/3 constant [12] . Simulations are performed on lattice volumes of 24 3 × 48 with lattice spacing, a = 0.083(3)fm. A summary of our dynamical configurations is given in Table I . More details regarding the tuning of our simulation parameters can be found in Ref. [12] .
On the lattice, we compute moments of the quark distribution functions, q(x)
where x is the fraction of the momentum of baryon B carried by the quarks, by calculating the matrix elements of local twist-2 operators
where O µ1...µn q
q . In this paper we consider only the quark-line connected contributions to the second (n = 2) moment, x q , which means we only include the part ofq B coming from quarkline connected backward moving quarks, the so-called Zgraphs. While the contributions from disconnected insertions are expected to be small, in the following analysis we will focus on differences of baryons and so these contributions will cancel in the SU(3) flavour limit and should be negligible for small expansions around this limit, as considered here.
We use the standard local operator O (7) is obtained on the lattice by considering the ratio:
where C 2pt and C 3pt are lattice two and three-point functions, respectively, with total momentum, p, (in our simulation we consider only p = 0). The operator O x q is inserted into the three-point function, C 3pt (t, τ, p) at time, τ , between the baryon source located at time, t = 0, and sink at time, t.
The operators used for determining the quark momentum fractions need to be renormalised, preferably using a nonperturbative method such as RI -MOM [14] [15] [16] . Here, however, we will only present results for ratios of quark momentum fractions so that the renormalisation constants cancel and hence our results are scale and scheme independent. In Fig. 1 we present results for the ratio of the u(s)-quark momentum fraction of the Σ(Ξ) baryon to the momentum fraction of the u in the proton. They are also given in Table I , as a function of m 2 π , normalised with the centre-of-mass of the pseudoscalar meson octet, X π = (2m 2 K + m 2 π )/3 = 411 MeV. Here we see the strong effect of the decrease (increase) in the light (strange) quark momentum fractions as we approach the physical point. In particular, we see that the heavier strange quark in the Ξ 0 carries a larger momentum fraction than the up quark in the proton. We also notice that the up quark in the Σ + has a smaller momentum fraction than the up quark in the proton. This is a purely environmental effect since the only difference between these two measurements is the mass of the spectator quark (s in Σ + , d in p). This implies that the momentum fraction of the strange quark in the Σ should be larger than that of the down quark in the proton, which is exactly what we see in Fig. 2 .
To infer the level of CSV relevant to the nucleon, we only need to consider a small expansion about the SU(3) flavour symmetric point, for which linear flavour expansions prove to work extremely well [12] . For instance, we can write Near the SU(3) flavour symmetric point, we note that the up quark in the proton is equivalent to an up quark in a Σ + or a strange quark in a Ξ 0 , which we describe collectively as the "doubly-represented" quark [17] .
The local derivatives required for δu can be obtained by varying the masses of the up and down quarks independently. Within the present calculation, we note that the difference x 
Chiral perturbation theory yields the quark mass ratio m δ /m q = 0.066(7) [18] and the isovector momentum fraction is experimentally determined to be x 
The first observation we make is that these results are roughly equal in magnitude and have opposite sign. These values are slightly larger than, but within errors in agreement with, the phenomenological predictions of [5, 8] , where within the MIT bag model (at a scale Q 2 4 GeV 2 ) they found δu − = −0.0014 and δd − = 0.0015. They are also consistent with the bestfit values of the phenomenological analysis of MRST [6] , δu − = −δd − = −0.002
−0.006 (90% CL). While our work provides the first nonperturbative QCD result to give a clear indication of the sign and magnitude of the CSV in these moments, we point out that it is based on lattice simulations using a single volume and lattice spacing. To achieve a precise quantitative determination will require a detailed study of the finite-volume 
The difference between the doubly and singly represented quarks in the Σ and Ξ as a function of the strange/light quark mass difference. We deduce δu and δd, respectively, from the slopes of these curves (c.f. Eqs. (15) and (16)).
and discretisation effects which we plan to address by extending these calculations to larger volumes and a second lattice spacing. Additionally, it is well known that lattice results for the second moment of the iso-vector nucleon PDFs, x u−d , do not agree well with experiment (see e.g. [19] ). Based on chiral perturbation theory it is expected that finite size effects and chiral corrections are potentially large [20] [21] [22] [23] [24] . We are also encouraged that lattice results for the ratio x (u−d) / x (∆u−∆d) agree well with experiment [25] . Lastly, we have estimated the CSV associated only with the u − d mass difference. It is important to also find a method to investigate the CSV induced by electromagnetic effects which is expected [6, 26] to be of a similar size. The determination of this effect is, however, a separate calculation which will have no impact on our result.
In summary, we have performed the first lattice determinations of the quark momentum fractions of the hyperons, Σ and Ξ in N f = 2 + 1 lattice QCD. By examining the SU(3) flavour -breaking effects in these momentum fractions, we are able to extract the first QCD determination of the size and sign of charge-symmetry violations in the parton distribution functions in the nucleon, δu and δd. Although our lattice calculations are restricted to the second (n = 2) moment of the C-even quark distributions, our results for δu = −0.0023(6), δd = 0.0020 (3) are in excellent agreement with earlier phenomenological calculations [5, 8] .
